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New EP application 
Unildinikum Mtinster 
Our Re£: 0900-03 

Means for stimiilatioii and activation of hair growth by lL-15 

The present mvemioii relates to the use of IL-15 polynucleotides, polypeptides or compoimds 
which bind to an antibody which specifically recognizes the IL-15 polypeptide or which 
specifically bind to an IL-15 receptor alpha chain for the preparation of a composition for 
stimulating hair growth or for treating, preventing and/or ameliorating hair loss. Moreover die 
present invention encompasses a transgenic non-human animal comprising an IL-15 
polynucleotide. The present invention also relates to a method for stimulating hair growth in a 
non-human animal and to methods for manufacturing animal hair. Finally, the present 
invention relates to a method of treating, preventing and/or ameliorating a subject which 
suffers from hair loss. 

Hair loss is a severe problem in humans from a medical and cosmetic point of view. Hair loss 
has diverse causes in humans, including inherent or acquired disease conditions and such 
conditions which are the result of a medical treatment such as chemotherapy or which are 
caused by environmental influences. In humans by far The most common cause of hair 
disorders are defects in hair growth control like alopecia areata or androgenic alopecia. 
Besides humans, hair loss or slow hair growth is a problem of various aiiimals, pariictdar 
those^whiclrare used'^rnhennanufectare-of-hair!, suchras^sheepHiorserlanM or came L - The »— i» 
hair is usually obtained j3rom those animals by shaving. After the animal has been shaved it 
takes a certain time window lantil hair regrowth is induced and the animal can be shaved 
again. Said time window is the important rate.limiting step in tfie manufacture of hair by using 
animals. 

Hair growth is governed by the hair follicles which reside in the skin. The hair follicle is a 
complex cylindrical structure, consisting of different layers of epithelial cells. The outer 
compartment is the root sheath. This compartment is coxmected to the epidemiis and here cell 
proliferation takes place (29). Hair follicles are highly dynamic, they remodel themselves 
repeatedly ttirougnout lire, in a cyc]e ox growih (aaagen), rssgxeasiluu 
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(telogen). In the catagen phase prolifexation takes place and in the lower part of the hair 
follicle massive apoptosis can be observed (30). 

Several cytolcineS:. among them TNF-a, IL-I-B and IFN-y, have been suggested to play a role 
in controlling and promoting apoptosis in hair bulb keratinocytes during catagen (33), IL-15 
was shown to interfere with cyclophosphamide-'induiced apoptosis in hair follicle 
keratinocytes (34). IL-15 is a pleiotropic cytokine that is important for immune cell 
homeostasis as well as peripheral immune functions (1-4), Numerous w vitro and in vivo 
studies have demonstrated a critical role for IL-15 in the development and survival of NK cell 
lineage (5,6). Other studies in mice have shown that IL-15 is a selective growth factor for 
memory CD8^ rather than CD4^ T cells as well as for certain subsets of intraepithelial 
lymphocytes (7-10). Accordingly, IL-IS^' and IL-lSRa"^' nu.ce are lymphopenic, and 
specifically lack NK cells, NKT cells, intestinally derived subsets of intraepithelial 
lymphocytes as well as activated CDS"^ T cells (5,1 1), Ubiquitous transgenic overexpression 
of IL-15 under the control of a MHC class I promoter led to the initial expansion of NK and 
memory phenotype CD8^ T cells and then to the development of a fatal leukemia, resulimg in 
premature death of these mutant mice. Thereforej, it is difficult to investigate the long-term m 
vivo effects of IL-15 (6). Furthermore, IL-15 is involved in the anabolic pathway of muscle 
cells, acts as a growth factor for mast cells, and as a general inhibitor of apoptosis in T cells, 
B cells, and fibroblasts (12-15). These smdies are consistent with the broad expression of IL- 
15 in multiple cell types and tissues. Accordingly, several reports show abtmdant IL-15 
mRNA transcripts in many tissues and cell types (3,16), However, IL-15 expression is tightly 
controlled at the levels of transcription, translation, and intracellular transport (17-19). In 
particular, the IL-1 5 protcirTis posttranscriptionaUy regulated by several controlling elements, 
e.g. 12 AUGs in the 5' UTR, that impede translation, two insufficient signal peptides, and a 
negative regulator at the C-terminus of the prectirsor protein. Thus, investigations on the in 
vivo function of IL-15 are greatly impaired. Within the skin the primary cellular sotuce of IL- 
15 are keratinocytes. Keratinocytes express IL-15 mRNA but produce the IL~15 protein only 
tipon stimulation such as with ultraviolet radiation or wounding, and in psoriatic lesions 
(15,20,21). IL-15 transcripts have also been detected in freshly isolated human Langerhans 
cells (LC). IL-15 was even reported to be involved in the in vitro generation of human LC 
from monocytes. IL-15 is a 14 - 15 kDa protein expressed at the mRNA level in numerous 
tissues and in a broad range of cell types, including activated monocytes, dendritic cells, 
osteoclasts and nbrobiasts (i,5). The heierotrimeric iL-i5 receptor (IL-1 5R) cuuM^is. of tut; 
IL-2R P-chain and y-chain, together with a unique a-chain (IL-15Roc.) which is responsible far 
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high affinity binding to IL-15. Whereas IL-2Ra is primarily expressed on activated T cells, 
IL-15Ra mKNA has been identified in various tissues and cells. Like IL-2 the IL- 
ISRapY complex signals through JAKl/3 and STAT3/5 pathways (3,28). IL-15 has already 
been described to be essential for the proliferation and maintenance of CDS^ memory T ceils 
and acts, at high dose, as a pan T cell and mast cell growth fector (2,26,27). 

However;, effective means for promoting hair growth and for treating, preventing and/or 
ameliorating the diseases referred to hereinabove are still not obtainable but nevertheless 
Mghly desirable. 

ThuSj tiie technical problem underlying the present invention must be seen as the provision of 
means for effectively promoting hair growth and for treating, preventing and/or ameliorating 
hair loss caused by or accompanied with diseases. The technical problem is solved by the 
embodiments characterized in the claims. 

Accordingly, the present invention relates to, the use of 

(i) a polynucleotide comprising 

(a) a nucleic acid sequence as shown in SEQ ID NO: 1 or 3, 

(b) a nucleic acid sequence .encoding an amino acid sequence as shown in SEQ ID 
NO: 2 or 4, 

(c) a nucleic acid sequence encoding an amino acid sequence as shown in SEQ ID 
NO: 2 or 4 having a modified signal peptide, a modified N-tenninus and/or a 
modified C-tenninus, or ' " ' - 

(d) a nucleic acid sequence which hybridises under stringent conditions to any one 
of (a) to (c); 

(ii) a polypeptide encoded by the nucleic acid as defined in any one of (a) to (d); or 

(iii) a compound which binds to an antibody which specifically recognizes the polypeptide 
defined in (ii) or which specifically binds to an IL-15 receptor alpha chain 

for the preparation of a composition for stimulating hair growth. 

The term "polynucleotide" relates to polynucleotides which encode a polypeptide having a 
biological or antigenic activity of interleuldn 15 (IL-15). Tlie structure of various IL-15 
polypeptides has been described in the art and representative polypeptides are sHownm 
SEQ ID NO: 2 (human TT^15, Accession No. BC018149; gi347S3292) and SEQ ID NO: 4 
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(mouse IL-15, Accession No, EC02369g; gi23271448). Several biological functions of lL-15 
are also reported in the art and liave been discussed herein before. An essential biological 
acti^ty of XL- 15 is its capability to speeifically bind to the IL-15 receptor alpha chain as 
deposited under (Accession No. BC022705 for mouse IL-15 Ra and Accession No. 
AY3i6538 for human IL-15 Ra (2, Lodolce, Immunity 1998, 9: 669 - 676)). Other well 
characterized biological activities include its capability to stimulate NK-/NKT cells and 
memory T-cells (Flamand, J. Clin. Invest, 1996, 97: 1373 - 81; Kv, Science 2000, 288: 675 - 
678) and its proliferative effect on lymphoid or mesenchymal ceils as well as the prevention 
of apoptosis after induction with apoptic substances (14). Preferably, said biological activity 
is the stimulation of hair growth and Iceratinocytes as demonstrated in the accompanied 
Examples. An essential antigenic activity is its capability to be specifically recognized by a 
specific, i.e. non-cross-reactive^ IL-15 antibody as disclosed in Shinozcki, J. Cliru Invest, 
2002, 109: 951 - 960, Such an IL-15 antibody can also be obtained by routine methods. 
Preferably, the antibody is a monoclonal antibody. Tliese activities can be tested by routine 
methods well known in the art and described in the above cited references in detail. Most 
preferably, the polynucleotides of the present invention have a nucleic acid sequence as 
shown in SEQ ID NO: 1 (hinnan IL-15) or SEQ ID NO: 3 (mouse IL-15). 
Preferably, the IL-15 polynucleotides also encompass variant polynucleotides which are 
capable to hybridise with the polynucleotides shown in SEQ ID NO: 1 or SEQ ID NO: 3 
under stringent hybridisation conditions. More preferably, said conditions are disclosed in 
Ausubel, 2001, Current protocols in molecular biology. Said polynucleotides are most 
preferably at least 70 %. at least 80 %, at least 85 at least 90 %, at least 95 %, at least 96 
%7"arleast-97-%Tarleast 98 %-or at least 99 % identical- with SEQ'ID-N6:4'-or^SEQ^ID-NO:^ 
3. 



The variant polynucleotides of the invention may comprise a modified signal peptide or leader 
sequence, i,e. amino acids 1 to 48 of SEQ ID NO: 2, amino acids 1 to 48 of SEQ ID NO: 4 
and amino acids coixesponding thereto in polypeptide variants thereof. Modifications meant 
hereby are those which increase the secretion of IL-15 firom a celL Biological assays for 
testing whether a modification increases said secretion are well known in the art and are 
described in (5) and (6). Most preferably. The signal peptide is modified by replacing it with 
the signal peptide of CD33 polypeptide (Accession No. NM 02 1293). Moreover, the N- or C- ' 
termiaal amino acids of the mature polypeptide shown iu SEQ ID NO: 2 or SEQ ID NO: 4 or 



ouxiriv aciviS ccmspGiiviing t;u,crcrc in ■pzlj-pcp'diz variants msy be sic 
stability of the mature polypeptides. The stabiKly of mature IL-.15 polypeptides caa be tested 
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by routine techniques (5) and (6). Preferred modifications aie inserting a FLAG epitope tag to 
the N-tenninal or C-reminal amino acid of the mature IL-15. Instead of a FLAG epitope, an 
HA or myc epitope cam be used. 

Also encompassed by the polynucleotides referred to in connection with the present invention 
are biologicaUy active fragments of the polynucleotides shown in SEQ ID NO: 1, SEQ ID 
NO: 3 or its variants specified before. Said firagments may be obtained by deletion of one or 
more nucleotides of the respective nucleic acid sequences. The firagments can be generated by 
standard techniques well known to the person skiUed in the art. 

The term "polypeptide" as used herein encompasses those polypeptides which are encoded by 
the polynucleotides specified hereinabove and which have at least one, and preferably all, of 
the aforementioned antigenic or biological activities. 

The temi "compound" encompasses all classes of chemical entities which bind to an antibody 
which specifically recognizes the IL-15 polypeptide of the invention, or which specifically 
bind to an IL-15 receptor alpha chain as mentioned above. Whether a given compound 
exhibits these properties can be tested by routine techniques including those specified 
hereinbefore- Preferred classes of chemical entities to be used according to the present 
invention are antibodies such as monoclonal antibodies, polyclonal antibodies, single diain 
antibodies, human or humanized antibodies, primatized, chimerized antibodies or tfegments 
Thereof Moreover^ encompassed are bispecific antibodies, synthetic antibodies, antibody 
firagments, such as Fab, Fv or scFv fi^ents etc., or a chemically modified derivative of any_ 
of these. Further compounds encompassed by the use of Hie invention include peptides, 
proteins, nucleic acids, antibodies, smaU organic compounds, Ugands, peptidomimetics, PNAs- 
and The like. The compounds to be used according to the present invention preferably act as 
agonists of IL-15- Methods for tte preparation of chemical derivatives and analogues are well 
known to those skiUed in the art and are described in, for example, Beilstein, Handbook of 
Organic Chemistry, Springer edition New York Inc., 175 Fifth Avenue, New York, N.Y. 
10010 U.S.A- and Organic Synthesis, Wiley, New Yorl<;, USA. Furthermore, said derivatives 
and analogues can be tested for their effects according to methods known in the art or as 
described. Furthermore, peptide mimetics and/or computer aided design of appropriate drug 
derivatives and analogues can be used. Appropriate computer programs can be used for the 
identification of interactive sites of apntalive agonist of IL-15 by computer assistant searches 
for similar structural motifs. Further appropriate con^iuter systems for the computer aided 
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design of protein and peptides are described in the prior art, for example, in Betryj Biochem. 
Soc. Trans. 22 (1994), 1033-1036; Wodak, Ann. N. Y. Acad. Sci. 501 (1987), 1-13; Pabo, 
Biochemistry 25 (1986)^ 5987-5991. The results obiamed from the above-described computer 
analysis can be used in combination with the method of the invention for, e.g., optimizing 
known inhibitors, analogs, antagonists or agonists. Appropriate peptidomimetics and other 
inhibitors can also be identified by the synthesis of peptidomimeiic combinatorial libraries 
through successive chemical modification and testing the resulting compounds, e.g., 
according to the methods described herein, Metiiods for the generation and use of 
peptidomimetic combinatorial libraries are described in the prior art, for example in Ostresh, 
Methods in Enzymology 267 (1996), 220-234 and Domer, Bioorg, Med. Chem. 4 (1996), 
709-715. Furthermore, the three-dimensional and/or crystallographic structure of said 
compounds and the polypeptides of the invention can be used for the design of 
peptidomimetic drugs. It is very well known how to obtain said compounds, e.g. by chemical 
or biochemical standard techniques. A suitable assay for identifying a compound to be used 
according to this invention, preferably, comprises ihe steps of (a) contacting cells known to be 
responsive to IL-15, preferably fceratinocytes, NK or NKT cells, memory and effector or 
regulatory T cells or lymphoid or mesenchymal cells, and (b) determining the response of said 
cells to the administration of the compound whereby a response comparable to the response 
induced by IL-15 is indicative for a compound according to this invention. Preferred 
responses to be determined are stimulation of growth in the case of keratinocytes, T cell 
subsets, NK cells or NKT cells or prevention of progranraied cell deadi upon induced by an 
apoptotic stimulus in the case of lymphoid or mesenchymal cells. How such assays can be 
carried out is well known in the art (5, 6, 1 1, 12, 14, 20, 21). Altematively, a compound to be 
used according to this invention can be deteimhied by an assay comprising the steps of (a) 
contacting a specific IL-15 antibody or the IL-IS receptor alpha chain with IL-15 and a 
candidate compound and (b) determining competition between IL--15 and said compound for 
antibody or receptor binding. For detemiination of the competition it is preferred that either 
the compound or the IL-15 will be linked to a detectable label, such as a radioisotope or a 
chiomogenic chemical entity. Moreover, a compound according to the present invention can 
be determined by (a) contacting the IL-15 receptor alpha chain with a candidate compound 
and (b) determining the activation or response of said receptor whereby a response or 
activation comparable to the response or activation induced by IL-15 is indicative for a 
compound to be used according to this invention. How such assays can be carried out is well 
known in the art (5, 6, 1 1, 12, 14, 20, 21). 
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The tenn "composition" refers to any composition fonrnilated in solid, liquid or gaseous form 
and, inter alia, may appear as a powder, tablet, solution or an aerosol. Said composition 
comprises the IL-15 polynucleotide, polypeptide or the compound of the invention optionaUy 
togeliier vrith a suitable diluent, excipients m&ox carrier. Suitable diluents and/or earners 
depend on die purpose for which the composition is to be used and the other ingredients. The 
person sldlled in liie art can determine such suitable diluent, excipients and/or carrier without 
further ado. Examples of suitable carriers, excipients and/or diluents are weU known in the art 
and include phosphate buffered saline solutions, water, emulsions, such as oiywater 
emulsions, various types of wetting agents, sterile solutions etc. Compositions comprising 
such carriers can be formulated by well known conventional methods. These compositions 
can be administered to a subject at a suitable dose. Administralion of the compositions may be 
effected by different ways, e.g.. by topical, subcutaneous, intradermal or intravenous 
administration. It is particularly preferred that said administration is carried out by dehveiy to 
an area where hair growth is to be stimulated. This can be done preferably by subcutaneous or 
■ epidermal mjection or topical application, e.g. in form of solutions or aerosols or by vehicles 
such as liposomes for nucleic acids or macromolecular cage molecules such as fullerenes. 
Moreover, if nucleic acids of the invention are to be administered conventional gene therapy 
approaches can be used. Gene therapy, which is based on introducing therapeutic genes into 
ceUs by ex-vivo or in-vivo techniques is one of the most important applications of gene 
transfer. Transgenic mice expressing a neutralizing antibody directed against nerve growth 
factor have been generated using the "neuroantibody" technique; Capsoni, Proc. Natl. Acad. 
Sci. USA 97 (2000), 6826-6831 and Biocca, Embo J. 9 (1990), 101-108. Suitable vectors, 
methods or gene-deUvering systems for in-virro or in-vivo gene therapy are described in the 
literature and are Imown to the person skilled in the art; see, e.g., Giordano, Nature Medicine 
2 (1996). 534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 (1992), 
808-813, Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ, Res. 77 (1995), 1077-1086; 
Onodua, Blood 91 (1998), 30-36; Verzeletti, Hum. Gene Ther. 9 (1998), 2243-2251; Verroa, 
Nature 389 (1997), 239-242; Anderson, Nature 392 (Supp. 1998), 25-30; Wang, Gene 
Therapy 4 (1997), 393-400; Wang, Nature Medicine 2 (1996), 714-716; WO 94/29469; 
WO 97/00957; US 5,580,859; US 5.589,466; US 4,394,448 or Schaper, Current Opinion in 
Biotechnology 7 (1996), 635-640, and references cited therein. The nucleic acid molecules 
aTi H -"reirtf^ nf the i:ivs:2.tic" be designed for direct istrc^AiOtlcil cr xOr iiiu,s>w.u>.'«.i»'" 
liposomes, viral vectors (e.g. adenoviral, retroviral), electroporation. ballistic (e.g. gene gun) 
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or other delivery systems into the cell. Additionallys a baculoviial system can be used as 
eukaryotic expression system for the nucleic acid moIeciJes of the invention. The introduction 
and gene therapeutic approach should, preferably, lead to the expression of functional IL-15 
polypeptides of the invention, whereby said expressed polypeptides are particularly useful for 
stimulation of hair growth in a subject. The dosage regimen will be deiertnined by the 
attending physician and clinical factors. As is well known in the medical arts, dosages for any 
one patient depends upon many factors, including the patient's size, body surface area, age, 
the particular compound to be administered, sex, lime and route of administration, general 
health, and other drugs being administered concurrently, Proteinaceous pharmaceutically 
active matter may be present in amounts between 1 ng and 10 mg/kg body weight per dose. 
However^ doses below or above this exemplary range are envisioned, especially considering 
the aforementioned factors. If the regimen is a continuous infusion, it should also be in the 
range of 1 p.g to 10 mg units per kilogram of body weight per minute. 

Progress can be monitored by periodic assessment. The compositioi^ of the invention may be 
administerigd locally or systemicaUy. Preparations for parenteral administration include sterile 
aqueous or non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and 
injectable organic esters such as ethyl oleate. Aqueous carriers include water, 
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution. Ringer's dextrose, dextrose and sodium 
chloride, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and nutrient 
xeplenishers, electrolyte replenishers (such as those based on Ringer's dextrose), and the like. 
Preservatives and oiher additives may also be present such as, for sample, antimicrobials^ 
anti-oxidants, chelating agents, and inert gases and the like. The composition of the invention 
may comprise further agents d^^endiSJ on tlie intended use of the composition. Said agents 
may be drugs acting on hair growth including those referred to herein below. 

The term "stimulating hair growth" refers to a significant induction and/or increase in hair 
growth on skin, scalp or any surface on which hair grov^^ is desired. The induction or 
increase can be determined in comparison to skin which has not been treated (control skin). 
Whether the induction or increase is significant can be determined by statistical tests such as 
Student's t-test, chi^-test or the U-iest according to Mann and Whitney. The stimulation of 
ha3r growth is required for treadug or amittiioxudng vaxiuua mcuiwrn vuAiuiuuiia SpcCiS^d 
herein in detail. Moreover, the stimulation of hair growth may be important and indicated 
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from a cosmetic point of view. For the manufacture of hair for producing goods sach as 
clothes, blankets, fiamiture etc. stimulation of hair growth is required even on healthy skins in 
order to minimize the time windows between shaving of the animals and. thus, to increase the 
yield of hair- Accordingly, stimulation of hair growth is even required on healthy skin or 
scalp. 

IL-15 is a pleiotropic cytokine, which based on its in virro activities is important for immune 
ceU homeostasis as well as peripheral immune fimctions in vivo. To better understand the in 
vivo effects, a transgenic (tg) mouse model in which IL-15 is overexpressed in the epidermis 
was generated in the study underlying the present invention. The transgene was expressed in 
the skin for the following reasons: Ubiquitous transgene overexpression of IL-15 under 
control of a MRC class I promoter caused the development of a fatal leukemia, resulting in 
premature death of these tg animals (6). Thus, this model does not allow the investigation of 
long-term in vivo effects of IL-15. Funheimore, the skin was selected since it has been 
demonstrated that keratinocytes can function . as a natural source of IL-15 and that the 
secretion of IL-15 by these cells is inducible. Moreover, because of its pleiotropic expression 
IL-15 is supposed be imponanl for the regulation of numerous cell types. Therefore, it was 
hypothesized that this cytokine may also drive the stimulation, activation or proliferation of 
cells of the skin. 

Surprisingly, it was show in the smdy underlying the present invention that keralinocyte 
derived IL-15 in tg animals is able to enhance hair growth and hair developiiient by 
stimulating the proliferation , and or differentiation of hair foUicle root sheath cells- Hair 
folUdes are highly dynamic, they remodle themselves repeatedly throughout life, in a cylce of 
growth (anagen), regression (catagen) and rest (telogen). hi the catagen phase proliferation 
takes place and in the lower part of the hair foUicle massive apoptosis can be observed (30). 
As mentioned above IL-15 increases the proliferation of various ceU types. According to the 
results of the study underlying this mvendon IL-15 seems also able to drive proliferation of 
hair folUde cells. Tg animals that were shaved and depilated also showed de novo 
development of hair follicles as detected by histological analysis and clinical appearance 
therefore IL-15 may also affect the proUferadon of papiUa cells or hair stem cells remaining in 
the dermis after depilation. These results suggest that IL-15 possibly is also necessary for the 
initiation of a new hair growth cycle. In addition IL-15 is a general inhibitor of apoptosis in T 
andB cells as weU as fibroblast (12-15). Probably this cytokine could also inhibit apoptosis in 
basal hair follicle cells and therefore it is conceivable that IL-15 enhances hair growth by 
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stimxilating the proliferation of hair follicle cells and by inhibiting apoptosis in the lower pan 
of the hair follicle botli leading to a prolonged lifespan and higher activity of each follicle in 
IL-15 tg mice as we were able to show by shaving and depilating the animals. The signab 
controlling the hair follicle cycle are still incompletely understood. However, many of the 
major signalling pathways are involved in the cyclical growth. For example the catagen phase 
is initiated by expression of transforming growth factor (TGF) a and p whereas in the anagen 
phase (growth phase) two other factors are mainly active: fibroblast growth factor (FGF) and 
signal transducer and activator of transcription factor (STAT3; 29.31,32). As akeady 
mentioned IL-15, signals (after binding to its recepror) via the STAT pathway suggesting that 
this cytokine additionally has a direct effect on the growth phase of hairs because IL-15 
interferes in a signal pathway that is important for initiating the gro^vth phase. In humans by 
far the most common cause of hair disorders are defects in hair growth control like alopecia 
areata or androgenic alopecia. Because of its proliferative and stimulating capacities it is 
conceivable to use IL-15 to restimulate and reactivate hair follicles. It also will be possible to 
prevent hair loss due to chemotherapies. Further, IL-15 will be useful to, e,g., enhance merino 
or angora wool production by applying this cytokine to shaved sheep or rabbit skin- 
Advantageously, due to the identification of IL-15 as a key regulator of hair growth in vivo in 
the study underlying the present invention it has become possible to stimulate hair growth in a 
controlled and efficient manner In this context it should be emphasized that IL-15 will not 
merely prevent apoptosis but also stimulate and promote growth of the cells. 

The interpretation of the terms and the exjjlanations made hereinabove and below apply 
mutatis mutandis for all embodimenls^desaibed'lififein: ' ' ' ■ luuum . - 



Li light of the foregoing, tlie present invention relates to the use of a polynucleotide, 
polypeptide or compound as defined hereinabove for the preparation of a composition for 
treating, preventing and/or ameliorating hair loss. 

The term "treating" as used herein means that all clinical symptoms accompanied with a 
disease condition are absent after said treatment The temi ^'preventing" means that the 
clinical symptoms of a disease become not determinable. The term "ameliorating'' means that 
the symptoms of a disease arc significantly reduced. Said treatment, prevention or 
amciioraiion shaii preferably occui' in a ^Igulficaui number of auuj^^b lu whl^li tli^ 
composition ha3 been administered. 

I 

i 

i 

i 
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As disclosed above, hair loss is a prominent disease condition in humans. Due to the use of 
tli^ present invention it has become advantageously possible to prevent hair loss during the 
early stages of onset and to stimulate new hair grovrth on shaved skin or after hair was lost 
after chemotherapy. 

In a preferred embodimeat of the use of the invention said composition further comprises a 
second hair growth, siimulaling agent. 

The term "second hair growth stimulating agenr relates to agents which are also capable of 
stimulating hair growth significantly. Whether an agent is capable of stimulating hair growth 
can be determiaed as specified above. 

More preferably, said second hair growth stimulating agent is selected fiom the groi^ 
consisting of zinc salts of carboxylic acids, saponins, triterpenes, preferably oleanolic acid or 
ursolic acid, cmtaegoUc acid, celastrol, Asiatic acid, inhibitors of 5~[alpha]-reductase. 
preferably progesterone, l,4-inethyl-4-azasteroids, preferably 17-[beta]-N,N- 
diethylcarbamoyl-4-methyl-4-a2a.-5-[alpha]-androstan-3-one, androgen receptor antagonists, 
preferably cyproterone acetate, Minoxidil(R), azaelaic acid and derivatives thereof, 
cyclosporin, triiodothyronine, diazoxide, potassium channel openers, preferably cromakalin, 
phenytoin, and mixtures thereof, and derivatives of oestrogen, preferably oestradiolvaleraie. 
The structure of theses agents is described in detail in US2003 n4526 the disclosure of which 
is hereby incorporated by reference. 

. Moreover as specified above, in another preferred, embodiment of^the^use^of the mven&p.iL, 
said composition further comprises a pharmaceutically or cosmeticaUy acceptable carrier. 
■ - Suitable pharmaceutically or cosmeticaUy acceptable carriers are disclosed in detail - 
hereinabove and below. Moreover, such carriers are disclosed in US2003 114526 the 
disclosure of which is hereby incorporated, by reference. 

In a fiirthH: preferred embodiment of the use of xhs invention said composition is a 
pharmaceutical compositioiL 

The term "pharmaceutical composition" as used herein comprises the substances of tiie 
present invention and optionally one or more pharmaceutically acceptable carrier. The 
substances of the pres^ invention may be formulated as pharmaceutically acceptable salts. 
Acceptable salts comprise acetate, methylester, HCl, sulfate, chloride and the like. The 
pharmaceutical compositions can be conveniently administered by any of the routes 
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conventionally used for drug administration, for instance topically. The substances may be 
administered in conventional dosage fonns prepared by combining the drugs -with standard 
pharmaceutical carriers according to conventional procedwes. These procedures may involve 
mi?dng/ granulating and compressing or dissolving the ingredients as appropriate to the 
desired preparation. It will be appreciated that the form and character of the pharmaceutically 
acceptable carrier or diluent is dictated by the amount of active ingredient ^vith which it is to 
be combined, die route of administration and other well-known variables. The canierCs) must 
be "acceptable" in the sense of being compatible with the other ingredients of the formulation 
and not deleterious to the recipient thereof. Hie pharmaceutical cairi^ employed may be, for 
example, either a solid or liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, 
talc, gelatin, agar, pectin, acacia, magnesium stearate^ stearic acid and the like. Exemplary of 
liquid carriers are phosphate buffered saline solution, syrup, oil such as peanut oil and olive 

« 

oil, water, emulsions, various types of wetting agents, sterile solutions and the like referred to 
above- Similarly, die carrier or diluent may include time delay material well known to the art, 
such as glyceryl mono-stearate or glyceryl distearate alone or with a wax. The pharmaceutical 
composition according to the present invention can be administered in various manners to 
achieve the desired efiecT. Said pharmaceutical compositions can be administered either alone 
or in the formulated as pharmaceutical preparations to the subject being treated either orally, 
topically or parenterally. Moreover, the substance can be administered in combination with 
^^'^f ^^^^^^^^^ g^^^ a common pharmaceutical composition or as separated 
pharmaceutical compositions. The diluent is selected so as not to affect the biological activity 
of the* combination. Examples of such diluents . are..di$tilled water, physiological saline, 
Ringer's solutions, dextrose solution, and HaiJs:*s solution. In addition, the pharmaceutical 
composition or formulation may also include other carriers, adjuvants, or nontoxic, 
nontherapeutic, noninmiunogenic stabilizers and the like. A therapeutically effective dose 
refers to that amount of the substance according to the invention which ameliorate the 
symptoms or condition. Therapeutic efficacy and toxicity of such compounds can be 
detemiined by standard pharmaceutical procedures in cell cultures or experimental animals, 
e.g., BD50 (the dose therapeutically effective in 50% of the population) and LD50 (the dose 
lethal to 50% of the population). The dose ratio between therapeutic and toxic effects is the 
therapeutic index, and it can be expressed as ihe ratio, LD50/ED50. The dosage regimen will 
be detemiined, as set forth before, by the attending physician based on clinical factors. As is 
well known in the medical arts, dosages for any one patient depends upon many factors, 
including the patienfs size, body surface area, age, the particular compound to be 
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administered, sex, time and route of administration, general health, and other drugs being 
admmistered concuirently. Progress can be monitored by periodic assessment. 
A typical doses were specified above. The phaitnaceutical compositions and formulations 
referred to herein are admmistered at least once in accordance with the use of the present 
invention. However, the said pharmaceutical compositions and formulations may be 
. administered more than one time, for example from one to four times daily up to a non- 
limited number of days. Specific formulations according to the invention axe prepared in a 
manner well known in the pharmaceutical art and usually comprise at least one active 
substance referred to herem above in admixture or otherwise associated with a 
phannaceutically acceptable carrier or diluent tiiereof. For making those formulations the 
active substanceCs) wiU usually be mixed with a chxAer or diluted by a diluent, or enclosed or 
encapsulated in a capsule, sachet, cachet, paper or other suitable containers or vehicles. A 
carrier may be soUd, semisolid, gel-based or liquid material which serves as a veWcle, 
excipient or medium for tiie active ingredients. Said suitable carriers comprise tiiose 
mentioned above and others well known in the art. see, e.g.. Remington's Pharmaceutical 
Sciences, Mack Publishing Company, Hasten, Pennsylvania. The formulations can be adopted 
to Ihe mode of administration comprising tiie forms of tablets, capsules, suppositories, 
solutions, suspensions or the like. The dosing recommendations will be mdicated in product 
labeling by allowing the prescriber to anticipate dose adjustments depending on the 
considered patient group, witii information that avoids prescribing the wrong drug to the ^ 
wrong patients at the wrong dose. 

Also preferred is the use of the invention, wh^ein said composition is a cosmetic 

- composition. - - 

The tenn "cosmetic composition" relates to a composition which can be formulated as 
described for a pharmaceutical composition above. However, instead of pharmaceutical 
acceptable formulations, carriers diluents and the like Ihe carries, diluents and exdpients must 
be cosmetically acceptable. Moreover, cosmetic compositions are preferably to be applied 
topically. 

hi a further preferred embodiment of the use of the invention said composition is formulated 
as a hair tonic, a hair restorer composition, a shampoo, a powder, a jelly, a hair rinse, an 
ointment, a hair lotion, a paste, a hair cream, a hair spray and/ or a hair aerosol. 
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Further preferably, said composition is to be administered topically lo the skin or scalp of a 
subject. 

Topical administration is described in detail in US2003 114526 the disclosure of which is 
hereby incorporated by reference. 

In a more preferred embodiment of the use of the invention said subject is a mammal. 

Most preferably, said mammal is a hiaman, a dog, a cat, a horse, a rabbit, a shee?p, a camel, a 

mouse, a rat, an alpaca, a vicuna, a guanaco or a lama. 

In a more preferred embodiment of the use of the invention said subject sufiers from 
genetically determined and/or acquired forms of hair loss. 

Most preferably, said genetically determined or acquired forai of hair loss is alopecia areata, 
alopecia subtotalis^ alopecia totalis^, trichotiDomania or drug induced alopecia. 
The symptoms accompanied with these disease are well known to the physician aad are 
described in detail in medical standard text books such as Stedman or Pschyrembel. 



The present invention also relates to a transgenic non-human animal comprising a nucleic acid 
as defined hereinabove encoding an IL-IS polypeptide, wherein said nucleic acid is 
specifically expressed in the keratinocytes of the hair bulb, in the Langerhans cells, the 
melanocytes, the dendritic epidemial T-cells, mast cells, cutaneous nerve fibres or fibroblasts. 
The. term "^transgenic non-humm animal"^ relates to animals, preferably tnammals, and cel ls j of 
such animals which contain (preferably stably integrated into their genome) at least one of the 
aforementioned nucleic acids. Said nucleic acid is preferably linlced to a suitable regulatory 
element which enables specific expression in the aforementioned tissues. This can be 
achieved either by introducing a transgene comprising the XL- 15 nucleic acid and a nucleic 
acid encoding the regulatory sequence into the genome or by introducing the IL-15 nucleic 
acid specifically downstream of the endogenous regulatory element present in said animal 
CTfliock in" animals). If a transgene comprising a regulatoiy sequence is inserted, said 
transgene is preferably integrated stably into the genome of the host animal. The trangene or 
the knock in constructs are designed as to enable sufficient expression of the IL-15 
polypeptide" encoded by the IL-15 nucleic acid. Suitable regulatory elements are preferably 
the langerin-promoter which is specific for Langerhans cells (Valladeau, Immunity 2000, 
12 (1): 71 - 81), the tyrosinase-promoier which is specific for melanocytes (Kelsall, Cancer 
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Res. 58: 4061 - 65), or the coUagen-l alpha 2-proinoter which directs expression to 

fibroblasts (Hibbard, Cancer Res, 2000, 60 (17): 4862 - 4872), A method for the production 
of a transgenic non-human animal, for example transgenic mouse, comprises introduction of a 
IL-15 nucleic acid or targeting vector into a germ cell, an embryonic cell, stem cell or an egg 
or a cell derived dierefrom- Production of transgenic embryos and screening of those can be 
perfonned, e.g., as described by A. L- Joyner EA, Gene Targeting, A Practical Approach 
(1993), Oxford University Press. The DNA of the embryonal membranes of embryos can be 
analyzed using, e.g., Southern blots with an appropriate probe; see supra. A general method 
for making transgenic non-human animals is described in the art, see for example WO 
94/24274. For making nansgenic non-human organisms including non-human animals 
obtained by homologous recombination, embryonal stem ceUs (ES cells) are preferred. 
Murine BS cells, such as AB-1 line, grown on mitotically inactive SNL76/7 cell feeder layers 
(McMahon and Biadley, Cell 62; 1073-1085 (1990)) essentially as described (Robertson, E. J. 
(1987) in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach- E- J, 
Robertson, ed. (Oxford: IRL Press), p. 71-112) may be used for homologous gene targeting. 
Other suitable ES lines include, bat are not limited to, the El 4 line (Hooper et al.. Nature 326: 
292-295 (1987)), the D3 line (Doetschman et al., J. Embryol. Exp. Moiph. 87: 27-45 (1985)), 
the CCE line (Robertson et al., Nature 323: 445-448 (1986)), the AK-7 line (Zhuang et al.. 
Cell 77: 875-884 (1994) which is incorporated by reference herein). The success of generating 
a mouse line &om ES cells bearing a specific targeted mutation dqjends on the pluripotency 
of the ES cells, i.e. their ability, once injected into a host developing embryo^ such as a 
blastocyst or morula, to participate in embryogenesis and contribute to the germ cells of the 
resulting animal. The blastocysts containing the injected ES cells are allowed to develop in 
the uteri of pseudopregnant nonhuman females and are bom as chimeric mice. The resultant 
transgenic mice are chimeric for cells having either the recombinase or reporter loci and are 
backcrossed and screened for the presence of the correcdy targeted transgene by PGR or 
Southern blot analysis on tail biopsy DNA of offspring so as to identify transgenic mice 
heterozygous for either the recombinase or reporter locus/loci. A method for making an IL-15 
transgenic non-human animal is described in detail in the accompanied Examples. 
The transgenic animals of the present invention can be advantageously used for the 
manufecture of hair to be used for industrial goods. Suitable candidates for transgenic animals 
are, therefore, a dog, a cat, a horse, a rabbit, a sheep, a camel, a mouse, a rat, an alpaca, a 
vicuna, a guanaco or a lama. 
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Tlie present inveniion, accordingly, also relates to a method for stimulating hair growth in a 
non-humaa animal comprising the steps of: 

(a) Tiansforming said animal vdth a nucleic acid as defined in claim 1 ; and 

(b) Expressing the IL- 1 5 polypeptide encoded by said nucleic acid. 

The tenn "Transforming" as used herein relates to all techniques for introducing a transgene 
into an animal as disclosed before. In addition said term encompasses methods for introducing 
a nucleic acid to be expressed topically, e.g., on the skin or scalp. This may be achieved by 
using gene therapeutic approaches disclosed above. 

The term "Expressing the IL-15 polypeptide" encompasses all means such as stimulation, 
induction etc. necessary for allowing production of IL-15 polypeptides in said animal. 
Depending on the regulatory elements used to control the expression of the nucleic acid, 
expression will occur permanently or might require induction or stimulation- Such a stimulus 
could be UV radiation. Moreover, several inducible regulators elements for governing gene 
expression are well known in the art. These elements can be induced by, e.g., heat shock, 
dexamediasone, or metal ions. Preferred regulatory elements will be disclosed in detail below. 

In addition, the present invention encompasses a method for manufecturing animal hair 
comprisiag the steps of: 

♦ 

(a) Transfomung said animal with a nucleic acid as defined in claim 1 ; and 

(b) Expressing the IL-15 polypeptide encoded by said nucleic acid, 

• • • « 

It should be understood that the term '"manufacturing" as used herein comprises in addition to 
the method having tlie steps as set forth above methods which may comprise further steps 
known to be required for the manufacture of hair. 

In a preferred embodiment of the methods of the invention said IL-15 polypeptide is 
expressed under the control of a regulatory element 

The term "Regulatory element" as used herein refers to nucleic acid sequences which either 
control expression of a DNA molecule or the translation of an KNA molecule. Such 
regulatory elements are usuaUy derived &om naturally occuiring regulatory elements of 
genes. It is well known in the art that genes comprise structural elements which encode an 
amino acid sequence as well as regulatory elements which are involved in the regulation of 
the expression of said genes. Structural elements are represented by exons which may either 
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encode aa amino acid sequence or which may encode for RNA which is not encoding an 
amino acid sequence but is nevertheless involved in RNA fimction, e.g. by legulatiug the 
stabiUty of the PNA or the nuclear export of the RNA, Regulatory elements o£ a gene may 
comprise promoter elements or enhancer elements both of which could be involved in 
transcriptional control of gene expression. It is very well known in tte ait that a promoter is to 
be found upstresan of tlie structural elements of a gene. Regulatory elements such as enhancer 
elements, however, can be found distributed over the entire locus of a gene. Said elements 
could be reside, e.g., in intcons, regions of genomic DNA which separate the exons of a gene. 
Promoter or enhancer elements correspond to polynucleotide feagments which are capable of 
attracting or bmding polypeptides involved in the regulation of the gene comprising said 
promoter or enhancer elements. For example, polypeptides involved in regulation of said gene 
comprise the so called transcription fectors. Said introns may comprise further regulatory 
elements, which are required for proper gene expression. Introns are usually transcribed 
together with the exons of a gene resulting in a nascent KNA transcript which contams both, 
exon and intron sequences. The mtron encoded KNA sequences are usually removed by a 
process known as KNA spHcing. However, said process also requires regulatory sequences 
present on a KNA transcript said regulatory sequences may be encoded by the introns. In 
addition, besides their function in transcriptional control and control of proper RNA 
processing and'or siabiUiy, regulatory elements of a gene could be also involved in the control 
of genetic stabUity of a gene locus. Said elements control, e.g., recombmation events or serve 
to m;,4T,va4n a Certain structure of the DNA or the arrangement of DNA in a chromosome. 



More preferably, said regulatory element enables specific expression in the keratiaocytes of 
The hair bulb, in the Langerhans ceils, the melanocytes, the dendritic epidermal T-cells, mast 
cells, cutaneous nerve fibres or fibroblasts. 

Such a specific expression can be achieved by expressing the IL-15 polypeptide of the 
invention under the control of a suitable regulatory element. Such elements are preferably the 
langerin-promoter which is specific for Langerhans cells, the tyrosinase-promoter which is 
specific for melanocytes, or the coUagen-l alpha 2-promoier which directs expression to 
fibroblasts. 

In another more preferred embodiment of the methods of the invention said methods further 
comprise the step of administering to the skin and/or scalp of a non-human animal the 
composition of the invention as defined hereinabove. 
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The present invention also encompasses a method for manufacturing animal hair comprising 
the step of administering to the sldn and/or scalp of a non-human animal the composition of 
the invention as defined hereinabove* 

In fiinhemiore preferred embodiment of the methods of the invention said methods further 
comprising the step of obtaining the iiair of said animal- 

The tsmi "obtaining" as used herein refers to methods for separating the hair from said 
auimaL This could be achieved by either separating the hair from the j^lcin or scalp of the 
animal, e.g. by shaving, or by separating the skin or scalp including the hair from said animal. 
Depending on the purpose for which the hair is to be used and the animal the person skilled in 
the art will select a suitable method witihiout fiirther ado. 

Most preferably, the animal refenred to hereinabove is a dog, a cat, a horse, a rabbit, a sheep, a 
camel, a mouse, a rai, an alpaca, a vicuna, a guanaco or a lama. 

The present invention, moreover, encompasses a method for manufacturing an inhibitor of IL- 
1 5 as specified hereinabove comprising the stefTof determining an inhibitor of at least one or 
preferably all biological activities of IL-15 polypeptides. Such deteraiination of an inhibitor 
can be earned out lising an assay for determination of IL-15 inhibitor comprising the 
following steps: (a) contacting cells known * to be responsive to IL-15, preferably 
kerarinocytes, NK or NKT cells, T cells, antigen-presentmg cells or lymphoid or 
JC^ — ^mesenchymal ,cells,3yith JLi-l Slppjyp^etitidfflgndla: potential fh) detaTrnininp; thejjr ^-^ 
response of said cells upon administration of the potential inhibitor whereby an inhibitor 
prevents the biological response induced by IL-15. Preferred responses to be determined are 
stimulation of growth in the case of keratinocytes, T cells, NK cells or NKT cells or 
prevention of programmed cell death upon induced by an apoptotic stimulus in the case of 
lymphoid or mesenchymal cells or activation of antigen-presenting function- Said responses 
can be determined by admuustering to said cells IL-15 polypeptide only. The details of such 
an assay have been disclosed elsewhere in this specification. Alternatively, an inhibitor can be 
determined by an assay comprising the steps of (a) contacting a specific IL-15 antibody or the 
IL-15 receptor alpha chain with IL-15 and a potential and (b) determining competition 
between IL-15 and said inhibitor and for antibody or receptor binding. The inhibitor identified 
by said assay must not have IL-15 activity. Preferably, the inhibitor has no biological activity 
at all besides inhibiting/competing witii IL-15 polypeptides. For determination of the 
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competition it is preferred that eitlier the potential inhibitor or the IL-15 will be linked to a 
detectable label, such as a radioisotope or a chiomogenic chemical entity. Suitable molecules 
which could be used in the screening assays referred to hereinabove are preferably those 
which are chemical entities to be screened for candidate compounds according to the 
invention. Moreover, the method of manufacturing an inhibitor comprises preferably the 
further step of chemically or biologicaUy formulating the inhibitor determined as specified 
hereinabove. The means for formulation depend on the chemical nature of the identified 
inhibitor. For instance, chemical entities such as small organic molecules or short peptides can 
be synthesized by weU known techniques described in standard text books of biochemistry or 
chemistry. Biological molecules such as polypeptides, antibodies etc. can be manufactured by 
standard molecular biology techniques. The formulation may also encompass further steps of 
pharmaceutical or cosmetic formulation in accordance with the required standards such as 
good manufacturing practice (GMP) or comparable standards. 

Accordingly, the invention also relates to a method for the manufecture of a pharmaceutical or 
cosmetic composition comprising the steps of determining and mauufecturing the IL-15 
polypeptide inhibitor as specified above and formulating said inhibitor in a phaimaceutically 
or cosmetically acceptable form optionally with a pharmaceutical or cosmetic carrier as 
specified e) sewhere in this specification. 

Encompassed by the present invention is the use of such IL-15 inhibitors for the preparation 
of a pharmaceutical composition for inhibiting hair growth. Such hair growth may be caused 
by a disease condition resulting in an IL-15 overexpression in the skin of subjects suffering 
jt&om said^disease^condition. Inhibitprs^of.ILrlS to be:ageifeijnhibiting hair grqsvth fimher ; 
comprise antibodies, including those types defined else^ere in this specification, which are 
capable of specifically recognizing polypeptiles, antisaise RNA molecules or small 

interfering KNA molecules (RNAi). 

Finally, the present invention relates to a method of treating, preventing and/or ameliorating a 
subject which suffers from hair loss comprising the step of administering a composition of the 
invention as defined hereinabove in an effective dosage to said subject. 
All embodiments specified in connection with the uses of the present invention apply &r said 
method mutatis irmtandis. 

Several documents are cited throughout this specification either by name or are referred to by 
numerals in parenthesis. Full bibUogrf^hic citations are found below. The relevant disclosure 
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of each of the documents cited herein including any manufkcturer's specifications, 
instmctions, etc. is hereby incorporated by reference. 
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The figures show: 

Figure 1: Generatioa of IL-15 tg mice. The K14-IL-15 expression, cassette bearing the human 
K14 promoter (white box), a rabbit Ji-globin iijtron (grey box), the niIL-15 cDNA fused to the 
CD33 signal peptide and the FLAG epitope tag (black box) as well as the Kl4 
polyadenylation site (poly A, hatched box) was used for microinjection. 

Figure 2: (A) Inmiunohistochemical staining of ear skin using an anti-FLAG Ab showed 
transgene expression in basal keratinocytes (indicated by black anrows). (B) Immunoblot of 
skin, serum and thymus for IL-15, Equal amounts of total protein were loaded and analyzed 
using an anti-murine IL-15 Ab. 

♦ 

Figure 3: Increased hair growth in tg mice. Littermate controls (left) and IL-15 tg mice (right) 
were shaved on the back, and 6 days later hair growth was documented by digital 
photography- 

Figure 4: Improved de novo development of hair follicles in IL-l5-tg mice. Littermate 
controls iXeft) and IL-15 tg mice (right) were depilated on the back, and 14 days later hair 
growth was documented by digital photography (A), Hair follicle differentiation (indicated by 
black arrows) in tg mice demonstrated by hematoxylin-eosin stained histology sections of the 
skin from wildtype and IL-15. tg mice 14 days after depilation (B). 

Figure 5: Nucleic acid sequence of modified mIL-15 (SEQ ID NO;7). 
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The inveation will now be described by reference to the following biological Examples which 
are merely illustrative and are not constructed as a limitation of the scope of the present 
invention. 



Example 1: Basic methods 
Generation of IL-J5 transgenic mice 

The gene for murine IL-15 was placed under the control of the human K14 promoter using 
standard metliods as follows: The K14 expression cassette used included the K14 promoter, a 
rabbit 6-globin intron, the BamHI cloning site and the K14 polyadenylation site (22^23). The 
BamHl cloning site was modified by ligating a polylinker into this site resulting in a multiple 
cloning site containing the restriction enzyme sites Saa, BglH, BamHl and Ji[bal resulting in 
tile plasmid pAMMl 1 . Hie approximately 500 bp BglU/Jibal fragment of CD33 IL-15 FLAG 
was cloned into the BgUlfXbal site of pAMMl 1 to create pAMM77. 

Plasmid DNA to be used for microinjections was first purified through CsQ gradient 
centrifiigation. The expression cassette contaioing the IL-15 gene was released firom the 
plasmid and purified through 0.7% agarose gel electrophoresis following digestion with Sphl 
and SmaU extracted from the gel (PGR purification kit; Roche, Mannheim, Gennany). 
resuspended m TE* buffer (10 mM Tris pH 7.4/0.1 mM EDTA) and used for microinjection 
at a concentration of 2 i^(il into mouse C57BL/6/C3H/HeN Fi x C57BL/6 and FVB/N 
oocjftes. Two founder lines with similar transgane expression were identified by either PGR 
CAM2S: CAATGATATACACTGTTTGAGATGA (SEQ ID NO: 5); AM65: 
CGTGTTGAT GAACATTTGGACAA (SEQ ID NO: 6); Cycling profUe: 95 °C for 3 min; [95 
•C tor 1 min; 54 "C for 1 mm; 72 °C tor I min x 35; 72 »C fo"r"5 mn] "Siiil Southern blottmg. 



ExperioiKits were perfbmied with tg mice on a C57BL/6/C3H/HeN background. Mice were 
housed under specific pathogen-free (spf) conditions and experiments were performed 
according to institutional regulations. 

* 

Depilation and shaving 

IL-15 transgenic (IL-IS tg) mice and wildtype controls were anesthetieed with 1 % Ketamin 
(1.5 nl per g body weight; Merclc, Daimstadt, Germany), and then the back was shaved using 
an electric animal shaver Fnr HenilHtinTi hairQ wexe ph'rk^rj ov£ ^crrs"" '■^fice 
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observed for hair growth daily, and results were documented by digital photography. All mice 
were used at 8 — 12 weeks of age. 

Histopalhologlcal analysis 

For light microscopy, punch biopsies (S mm in diameter) of murine sldn were fixed by 
immersion in 10 % neutral buffered fonnaline, Subsequenily tissues were dehydrated with 
ethanoU Transferred to xylene, and embedded La paraffin using standard histology techniques, 
and 5-\iXD. sections were cut and stained with hematoxyUn and eosin. Tissue sections were 
mounted onto sUdes and analyzed using an Olympus BX6I microscope and the MetaMorph 
software (Visitron Systems, Puchheim, Gennany). 

Imntunohistology 

Immunhistochemistry was performed on cryostax sections of ears (6 - .8 nm) fixed m acetone 
according to standard meihods (24,25). Secdons were blocked with 0.5 % bovine serum 
albumin (Sigma, Taufldrchen, Germany) in PBS, then incubated in the appropriate dUutions 
of monoclonal antibodies or isotype control and subsequently incubated with a horseradish 
peroxidase CHRP)-coupled secondary antibody. Peroxidase activity was visualized using 3- 
amino-9-eihyl-carbaz;ol as a chromogen. Tissues were counterstained witii MAYER'S 
hemalaun solution (Merck, Daimstadt, Gennany). Biotinylated mouse anti-FLAG was 
obtained from Sigma. Sections were examined using an Olympus BX61 microscope and the 
MeiaMoiph software. 

Western blot cmalysis 

Serum of IL-15 tg mice and wildtype coatrols as well as skia and thymus lysates were loaded 
directly onto 15 % polyacrylamid gels^RecombinaS^ 

control. Proteins were electrophoresed under denaturing conditions and electrobloited onto 
nitrocellulose membranes (Amersham Biosciences Europe, Freiburg, Germany) al 150 mA 
for 1 h. Membranes were blocked for 2 h with 5 % non-fat dry milk in TBS plus 0.5 % Tween 
20 (TBST) and then incubated overnight with the appropriate antibody (anJi-mouse IL-15, 
clone M49, a land gift firom Genmab, Utrecht, The Netherlands) diluted 1:500 in TBST plus 
1% non-fat dry milk. Membranes were washed with TBST and incubated for 2 h wilh 
horseradish peroxidase-conj ugated secondary antibody diluted 1 : 1 000 m TBST. Protems were 

Europe), 
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Example 2: Phenotype of IL-15 tg mice 



To investigate the role of keratinocyte-deri ved IL-15 in vivo, IL-15 ejspicssion was targeted to 
the epidennis using tlie K14 expression cassette shown in Fig. 1. Several regulaioiy 
posttranscriptional mechanisms have been identified, which control IL-15 translation and 
secretion (17, 19). Therefore, a modified mouse IL-15 cDNA was cloned that lacks the 
posttranscriptional checkpoints controlling endogenous IL-15 production, tlius yielding 
optimal IL-15 overexpression and secretion. Modifications of the transgenic construct are 
depicted in Fig. 1 and included removing upstream AUGs that impair translation, replacing 
The insufiSciently translated and secreted endogenous IL-15 signal peptide with the CD33 
signal peptide, and stabilizing the COOH terminus of ihe IL-15 protein with a FLAG epitope 
■ tag. 

This FLAG epitope tag also enabled the differentiation between endogenous and tg IL-15 
expression in the skin. The K14 promoter drives gene expression of most basal cells of 
stratified squamous ^ithehnm including the epidermis. To show correct expression of the 
trauSgene, immunohistocliemistry and Western blot analysis was peifoimed on tg skin tissue 
using an anti-FLAG and anti-IL-15 Ab. As demonstrated in Fig. 2A a strong and uuifonu 
expression of IL-15/FLAG was detected in the epidermis of tg animals. IL-15 protein can be 
detected in the serum of transgenic mice using an anti-IL-lS Ab (Fig. 2B). Transgene 
expression foUowed the expected pattern in other tissues, with the exception that IL-15 
expression was not detectable in the thymus, where KI4 expression has been documented in 
some transgenic strains before (22). The transgene insertion locus or possibly the transgene 
copy number l^'accoiSirfoT he" lack ofIL-15 ei^ession in the thymus. Homozygous tg 
mice breed well and are healihy even over an observation period of 15 months. 



Example 3: Enhanced hair growth in tg mice after shaving and depilation 

Since IL-15 has been reported to mediate cell survival and to act as a growth factor fox mast 
cells (26,27) we hypothesized that keratinocyte derived IL-15 in tg mice might also have 

^4---v^i- n-f^^^-t-r* 1 — *— -C_iir _i rr^ -j . jy ^ _ 

— ^ »s*iiiwi»,a. i« w.vaiu«io ii v-uuiiwous J ovciej».pix:»aiou induced 

hair growth in vivo groiips of littermate and tg animals were shaved on their back and hair 



Efnpf.zeit:29/12/2003 15:15 Empf .nr .:787 P.032 



29-DEZ-ZDD3 15:1B VOW -KLEINER RECHTSANWAELTE STUTTGART +49 Til BCI 170888 T-BBO P.D33/04B F-414 

25 

growth was observed daily for two weeks. In contrast to littennate controls, IL-15 tg mice 
showed a significantly enhanced hair growth within 6 days CFig- 3) indicating that efficiently 
secreted IL-15 in tg mice leads to activation of hair follicle cells and as a consequence to 
improved hair growth. 

We next addressed whetter plucking out tufts of hair and thereby removing the hair shafts 
completely also leads to increased hair growth in IL-15 tg mice. To this end, wildtype and IL- 
15 tg mice were anesthetized and depilated using forceps. Both groups of animals were 
observed daily for hair growth. As demonstrated in Fig. 4A IL-15 tg mice showed a 
completely reconstimted hair covering already 14 days after depilation in contrast to controls. 
In addition to the results shown previously (Fig. 3) this demonstrates that secreted IL-15 in tg 
mice may not only be responsible for the activation of undisturbed hair follicles but perhaps is 
also needed for the in vivo de novo development. To prove this assumption we pr^ared 8 
mm punch biopsies from depilated skin areas of IL-15 tg and wildtype mice 14 days after 
dq)ilation. The histopathological analysis of this paraffin embedded hsmatoxylin-eosin 
stained skin sections revealed multiple morphologically intact hair follicles in IL-15 tg 
epidemiis whereas in wildtype skin the hair follicles are not completely restored (Fig 4B). 
These findings indicate that IL-15 has tremendous effects on the activation of hair follicle 
cells leading to enhanced hair growth and is also absolutely necessary for the de novo 
synthesis of hair follicles. 
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Claims 



1 - Use of 

(i) a polynucleotide comprisiag 

(a) a nucleic acid sequence as shown in SEQ ID NO: 1 or 3, 

(b) a nucleic acid sequence encoding an amino acid sequence as shown in 
SEQ ID NO: 2 or 4, 

(c) a nucleiq: acid sequence encoding an amino acid sequence as shown in 
SEQ ID NO: 2 or 4 having a modified signal peptide, a modified N- 
terminus and/or a modified C-terrainuS;, or 

(d) a nucleic acid sequence which hybridises under stringenT conditions to 
any one of (a) to (c); 

(ii) a polypeptide encoded by the nucleic acid as defined in any one of (a) to (c); or 

(iii) a compound which binds to an antibody which specifically recognizes the 
polypeptide defined in (ii) or which specifically binds to an IL-15 receptor 
alpha chain 

for the preparation of a composition for srimulating hair growth. 



2. Use of a polynucleotide, polypeptide or compound as defined in claim 1 for the 
preparation of a composition for treating^, preventing and/or ameliorating hair loss. 

3. The use of claim 1 or 2, wherein said composition farther comprises a second hair 
growth stimulating agent. 



4. The use of claim 3, wherein said second hair growth stimulating agent is selected from 
the group consisting of zinc salts of carboxylic acids, saponins, triteipenes^ preferably 
oleanolic acid or ursolic acid, crataegolic acid, celastrol, Asiatic acid, inhibitors of 5- 
[alphaj-reductase, preferably progesterone, l,4-methyl-4~a2asteroids, preferably 17« 
i>eta]-N,N~diethylcarbamoyl-4-mediyl-4-aza~5-[alpha]-androstan--3-one, androgen 
receptor antagonists, preferably cyproterone acetate, Minoxidil(R), azaelaic acid and 
derivatives thereof, cyclosporin, triiodothyronine, diazoxide, potassium channel 
openers, preferably cromakalin, phenytoin, and mixtures thereof, and derivatives of 
oestrogen, preferably oeslxadiolvaierate. 
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5. The use of any one of claims 1 to 4, wherein said composition further comprises a 
phaimaceutically or cosmetically acceptable carrier. 

6. The use of any one of claims 1 to 5, wherein said composition is a pharmaceutical 
composition. 

7. The use of any one of claims 1 to 5, wherein said composition is a cosmetic 
composition. 

8. The use of any one of claims 1 to 7, wherein said composition is formulated as a hair 
tonic, a hair restorer compositioiL. a shampoo, a powder, a jelly, a hair rinse, an 
ointment, a hair lotion, a paste, a hair creant, a hair spray and^or a hair aerosol, 

9. The use of any one of claims 1 to 8, wherein said composition is to be admiiustered 
topically to the skin or scalp of a subject. 

10. The use of claim 9, wherein said subject is a mammal. 

1 1 . The use of claim 10, wherein said mammal is a human, a dog, a cat, a horse, a rabbit, a 
sheep, a camel, a mouse., a rat, an alpaca, a vicuna, a guanaco or a lama. 

*^ . 

12. The use of any one of claims 9 to 11, wherein said subject suffers ftom genetically 
- — detemiined and/or acquired form of hair loss. 

13. The use of claim 12, wherein said genetically determined or acquired form of hair loss 
is alopecia areata, alopecia subtotalis, alopecia totalis^ trichotillomania or drug induced 
alopecia. 

14. A transgenic non-human animal comprising a nucleic acid as defined in claim 1, 
wherein said nucleic acid is specifically expressed in the keratinocytes of the hair 
bulb, in the Langerhans cells, in the melanocytes^ in the dendritic epidermal T-cells, in 
the mast cells, in cutaneous nerve fibres or in fibroblasts. 



Enipf.zeit:29/12/2003 15:17 



Enpf.nr.:787 P. 039 



Z9-DEZ-20D3 I5:1B VON -KLEINER RECHTSANWAELTE STUTTGART +49 711 B0170B8B T-BBO P.040/1148 F-414 

32 . 

1 5. A method for stimulating hair growth in a non-human animal comprising the steps of: 
(a) Transforming said animal with a nucleic acid as defined in claim 1; and 

0) Expressing the polypeptide encoded by said nucleic acid. 

16. A method for manufacturing animal hair comprising the steps of: 

(a) Transforming said animal with a nucleic acid as defined in claim 1 ; and 

(b) Expressing the polypeptide encoded by said nucleic acid. 

17. The method of claim 15 or 16, wherein said IL-15 polypeptide is expressed imder the 
control of a regulatory element- 

18. The method of claim 17, wherein said regulatory element enables specific expression 
in the keratinocytes of the hair bulb, in the Langerhans cells, in the melanocytes, in the 
dendritic epidermal T-cells, in the mast cells, in cutaneous nerve fibres or in 
fibroblasts. 

19. The method of any one of claims 16 to 18, further comprising the step of 
administering to the skin and/or scalp of a non-human animal the composition as 
defined in claim L 



20. A method for manufacairing animal hair comprising the step of administering to the 
skin and/or scalp of a non-human animal the composition as defined in claim L 

2L The method of any one of claims 16 to 20, fiirtlier comprising the step of obtaining the 
hair of said animal. 

22, The transgenic non-human animal of claim 14 or the method of any one of claims 15 
to 21, wherein said animal is a dog, a cat, a horse, a rabbit, a sheep, a camel, a mouse, 
a rat, an alpaca, a vicxma^ a guanaco or a lama. 

23. A method of treating, preventing and/or ameliorating a subject which suffers from hair 
loss comprising the step of administering a composition as defined in ciaun 1 in an 
effective dosage to said subject 
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Abstract 

The present invention relates to the use of E.-15 polynucleotides, polypeptides or compounds 
which bind to an antibody which specificaUy recognizes the IL-15 polypeptide or which 
specificaUy bind to an IL-15 receptor alplia chain for the preparation of a composition for 
stimulating hair growth or for treating, preventing and/or ameliorating hair loss. Moreover the 
present invention encompasses a transgenic non-human animal comprising an IL-15 
polynucleotide. The present invention also relates to a method for stimulating hair growth in a 
non-human aniroaJ and to methods for manufacturing animal hair. Finally, the present 
invention relates to a method of treatinE, preventing and/or ameliorating a subject which 
sufers from hair loss 
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Figure 3 
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Figure 5 



mlL-15 mRNA - modified Sequence 

0, cttctgtcca gccactcttc cccagagttc tcttctticaT: cctccccct-t gcagagtagg 
61 gcagcttgca ggtcctccrg caagtctctc ccaattctct gcgcccaaaa gacrcgcagt: 
121 gcatctccrt acgcgctgca gggaccttgc cagggcagga ctgcccccgc ccagtrgcag 
IBI agttggacga agacgggatc ctgctgtgtt tggaaggctg agtitccacar ctaacagctc 
241 agagaggtcia ggaaagaatc cacct:tgaca catggccctc tggctcttca aagcactgcc 
301 ret tear ggt ccttgctggr gaggtcctta agaacacaga aacccatgtc agcagataac 
361 cagccracag gaggccaaga agagttctgg atggatggca gctggaagcc eatcgccata 
421 gccagctcat cntcaacatT: gaagctctta cccgggcatt aagtaatgaa aattttgaaa 
4B1 cca-tatatga ggaatacatc catetegtigG tacttzgtgtit tccttc-taaa cagtcac-tiit: 
541 ttaac-tgaggr ctggcatitcsaL tgi^c-fctcatt ttgggctgtg tcagtgtagg -tctccataaa 
601 acagaggcca actggatega tgtaagatat gacctggaga. aaattigaaag ccttattcaa. 
661 tat^-k-tcalza. ttga.caceac tttatacact gacag-tgac-fc ttcatcccag ttgcaaagtt 
721 acii:gca.at:9:a actgctttct cctggaattg caggt-tattt fcacatgagta cagtaaacafcg 
7 81 actct-taa-tg aaacagtaag aaacgrgcfca teccttgcaa aeagcactct: gtcttctaac: 
B41 aagaatgirag cagaatctgg ctgcaaggaa tgtga.ggagc3; tggaggagaa aaccCteaaa 
901 gagtttttgc aaagc-fttafc acgcattgte caaatgttca tcaacacgtc QtgacCgcat 
• 9 61 gcgagcctct tccgtgrttc tgtnattaag gtacctccac ctgccgcrca gaggcagcac 
1021 agctccatgc atttgaaacc tgctgggcaa actaagcttc ctaacaagga gataatgagu 
10 SI cactt-ggatc acatgaaatic ttggaaatga agagaggaaa agagcccgtc -tcagacttat. 
1141 ttttgcttgc ttatrtttaa tttattgctt catttgtaca tatttgtaat: ataacagaag 
1201 acgtggaata aagttgtatg gata-ttttat caattgaaat -ttaaaaaaaa 



CD33 S±gnalpept±ciQr 
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Hxunaa IL-15 nucleic acid (SEQ ID NO:l) 

accccgggtg gcaggcgccc gggggaatcc cagctgactc gctcactgcc ttcgaagtcc 
ggcgcccccc gggagggaac tgggtggccg cacccticccg gctgcggtgg ccgccgcccc 
ccaccctgca gccaggacrc gatggaggta cagagctcgg cttctcngcc ttgggagggg 
agtggtggrg gttgaaaggg cgatggaatt ttccccgaaa gcctacgccc agggcccctc 
ccagct:ccag cgttaccctc cggtcratcc tactggccga gctgccecgc ccrctcatigg 
ggaaaactna gccgcaactt caatttttgg tttttccttt: aatgacactt ctgaggcticLt: 
cctagcca-tc ctcccgcttc cggaggagcg cagarcgcag gtcccrrtgc ccctggcgtg 
cgactcccta ctgcgcrgcg ctctracggc gtrccaggct gcrggctagc gcaaggcggg 
ccgggcaccc cgcgctccgc tgggagggtg agggacgcgc gtctggcggc cccagccaag 
ctgcgggttt: ctgagaagac gctgtcccgc agccctgagg gctgagttct gcacccagtc 
aagctcagga aggccaagaa aagaatccat tccaatatac ggccatgtgg ctrcrtcggag 
caatgttcca tcatgttcca tgctgcrgac gtcacatgga gcacagaaat caatgttagc 
agaragccag cccatracaag atcgtatrg-c attgtaggag gcatcgtgga tggatggctg 
ctggaaaccc cttgccatag ccagctcntrc ttcaatactt aaggat-tt-ac cgtggctttg 
agtaatgaga attrtcgaaac cacatrtgag aagtatttcc anccagtgct acttgtgttt 
actrctaaac ag-tcattx:rc taactgaagc rggcactcat gccrtcatitt tgggctgttt 
cagtgcaggg ct:tcct;aaaa cagaagccaa ctgggtgaat gtaaraagtg atttgaaaaa 
aattgaagat cttattcaat ctatgcatar tgatgctact traratacgg aaagtgatgt 
tcaccccagr tgcaaagtaa cagcaatgaa gtgctttctc ttggagttac aagttatctc 
act-cgagtcc ggagatgcaa gtattcauga tacagtagaa aarctgatca tcctagcaaa 
caacagtttg tcttctaatg ggaatgtaac agaatctgga tgcaaagaat gtgaggaact 
ggaggaaaaa aatattaaag aa^ttttgca gagttrrgta catartgtcc aaatgttcat 
caacacttcT: tgatrgcaat rgartctrrr taaagtgttt crgrtattaa caaacatcac 
tctgctgctr agacaraaca aaacactcgg catttcaaat gtgctgtcaa aacaagtttt 
rctgtcaaga agatgatcag accrtggatc agatgaactc ccagaaatga aggcagaaaa 
atgtcattga gtaaratagt gactatgaac ttctctcaga cttactrrac tcattttttt 
aatttattat tgaaattgta catatttgtg gaataatgta aaatgttgaa taaaaaratg 
tacaagtgtr gtttrrtaag ttgcactgat artttacctc ttatrgcaaa atagcatttg 
tctaagggtg acagtcaaau tatxgtartgg tggggctggg taccaatgct gcaggtcaac 
agctatgctg gtaggctcct gcc-tgtgtgg aaccactgac tactggctct: cattgacttc 
cttactaagc atagcaaaca gaggaagaat: ttgttatcag t:aagaaaaag aagaactata 
tgrgaatcct cttccttaca ctgraatrta gttatrgatg caraaagcaa ctgtiiatgaa 
ataaagaaat tgcaataact ggcaaaaaaa aaaaaaaaaa aaaaaaaa 



Human IL-15 amino acid (SEQ ID NO:2) 

MRISKPHIJISISIQCYLCLLLNSHFLTEAGIHVFII.GCFSAGLPKTEANW1SIVISDLKK 

BSDVHPSCKVTftMI03FLLEI.QVISLESGDASIHDTVENLXII.ANNSi:SSNGNVT 
FVHIVQiyrFXNTS 



Mouse IL-15 nucleic acid (SEQ ID NO:3) 

ccacgcgtcc gcaatactca gtiggcactgt atrccccttc tgtacagcca ctctrcccca 
gagttctctt ctticatcctc cccctrgcag agtagggcag ctrgcaggtc ctcctgcaag 
tctctcccaa ttctctgcgo ccaaaagact tgcagcgcat ctccrtacgc gctgcaggga 
ccttgccagg gcaggactgc ccccgcccag ttgcagagrt ggacgaagac gggatcctgc 
tgtgtrtigga aggctgagtt ccacatctaa cagctcagag agaatccacc rrgacacatg 
gccctctggc tcttcaaagc aczTigcctctt catggrcctt gcrggtgagg tccrtaagaa 
cacagaaacc catgtcagca garaaccagc cracaggagg ccaagaagag ttctiggatigg 
atggcagcrg gaagcccatc gccatagcca gctcaccttc aacatmgaag ctcrtacctg 
ggcartraagt aatgaaaatt ttgaaaccat atacgaggaa tacatccatc rcgtgctact 
tgrgtrtcct tctaaacagt cactitTrttaa ctgaggctgg cattcatgtc trcarttcgg 



rt r-'V rr'r rr-Hr-sarr 




trtcatattga caccacttita 
caatgaactg cttitc-tcccg 
ttaatgaaac agtaagaaac 



tggagaaaat 
gtgacttfcca 
ttattrtaca 



tgaaagcctt attcaatcta 
•tcccagttgc aaagttaccg 

tgagtacagt aacatgacuc 



tacact gaca 
gaatitgcagg 

gtgcc ctacc 



En)Pf.zeit:29/12/2003 15:19 



Empf.nr.:787 P.047 



Z3-DEZ-Z003 15:Z1 VON -KLEINER RECHTSANWAELTE STUTTGART +49 Til BOlTOBBfi T-BBD P. 048/048 F-414 

40 



ttgcaaacag cactctgtct tctaacaaga atgtagcaga atctggci:gc aaggaa-tgtg 

aggagctgga ggagaaaacc nrcacagagt ttttgcaaag ctttaracgc attgcccaaa 

tgrtcatcaa cacgtcctga crgcatgcga gcctcttccg tgvittctgtt attaaggtac 

ctccacctgc tgctcagagg cagcacagct ccatgcattt gaaatctgct gggcaaatta 

agcttcctaa caaggagara atgagccact tggancacat gaaarcttgg aaatgaagag 

aggaaaagag ctcgtcxicag acttatttrt gcttgcttat ttttaartca ttgcttcatt 

tgtacaratt tgtaarataa cagaagargt: ggaataaagt tgtatggata tttisatcaat: 

tgaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 

Mouse IL~15 amino add (SEQ ID NO:4) 

MKILKPYMRNTSISCYLCFLLNSHFLTEAGIHVFILGCVSVGLPKTEAWIDVRYDLEKIESLIQSIHIDTTI^^ 

DSDPHP5CKVTAMNCFLLELQVII.HEYSNMTLNEa?VRNVLYUyNSTLSSNK^ 

FIRIVQMFINTS 

Oligonucleotide AM28 (SEQ ID NO: 5) 
CAATGATATACACTCTTTGAGATGA 

Oligonucleotide AM65 (SEQ ID NO: 6) 
CGTGTTGATGAACATTTGGACAA 



Modified IL-15 nucleic acid (SEQ ID NO:7) 

cctctgtcca gccactcttc cccagagntc tcttctrcat ccrccccctt gcagagtagg 

gcagcttgca ggtcctcctg caagtctccc ccaattctct gcgcccaaaa gacttgcagt 

gcatctcctt: acgcgctgca gggaccttigc cagggcagga crgcccccgc ccagttgcag 

agttggacga agacgggatc ctgctgcgtt tggaaggctg agttccacar ctaacagctc 

agagaggtca ggaaagaatc caccttgaca catggccccc tggctcctca aagcaccgcc 

tcttcatggt ccttgctggt gaggtcctta agaacacaga aacccatgtc agcagataac 

cagcctacag gaggccaaga agagttctgg atggatggca gctggaagcc catcgccata 

gccagctcat: cttcaacatt gaagctctta cctgggc:a.tt: aagtaargaa aattttgaaa 

ccata-catga ggaatacatc catcrcgtigc tacrt:gt:gt.t: tccttctaaa cagtcacfct: 

ttaacrgagg ctggcaftca tgtcttcatr rtgggcrgng tcagtgtagg tctccctiaaa 

acagaggcca actggataga tgraagatat gacctggaga aaattrgaaag ccrtafccaa 

tctattcata ttgacaccac nttatacact: gacagrgact ttcatcccag t-cgcaaagtt 

actgcaatga actgcttuct ccrggaatrg caggtcattt tacargagta cagtaacatg, 

^ actcttaatg aaacagtaag aaacgtgctc tacct-tgcaa acagcactct gtcttctaac 

aagaatgtag cagaa-ccrgg ctgcaaggaa tgtgaggagc tggaggagaa aaccttrcaca 

gagtrrttgc aaagctttat: ^acgcattgtc caaatgttca Ticaacacgtc ctgacrgcar 

gcgagcctct -tccgtgtttc -tgttattaag gtacct-ccac ctgctgcrca gaggcagcac 

agctccatgc att:T:gaaatc tgctgggcaa actaagct-tc ctaacaagga gacaatgagc 

cacutggatc acatgaaatic *CT:ggaaat:ga agagaggaaa agagctcgtc tcagac-ttiat: 

ttctgcttgc rt:at:Uti:T:aa trtattgctLt: catttgtaca tatttgtaat ataacagaag 

argrggaata aagfctgcatg gatactttat caacrgaaat ctaaaaaaaa 
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